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Understanding our fragile environment: lessons from geochemical studies I compiled by Larry P. Gough; with contributions from Sigrid Asher-Bolinder ... [ et al.] 
Introduction to Environmental Geochemistry Minerals, trace elements, contaminants, and hazards
An understanding of our fragile environment can begin with a recognition of the importance of certain elements, commonly called "minerals substances" (such as iron and zinc), in the lives of humans and animals and in the soils that support plants. This recognition is well deserved because these elements are essential for the life or optimum health of an organism. Some elements such as carbon, hydrogen, oxygen, magnesium, potassium, and phosphorus are required in relatively large amounts by organisms. However, others are required in smaller quantities; these are referred to as trace elements. Diseases have been related to the deficiency of about 20 elements in animals and humans and to the deficiency of approximately 13 elements in plants.
The biogeochemistry of life--€ssential elements At the same time, if these and other elements occur in quantities great enough, toxicity can result. An element, or any substance, that occurs in the environment and contains concentrations above what are considered to be background levels may be considered a contaminant. When contaminants occur at levels that are potentially harmful to organisms, they are labeled as hazards. Often the quantitative difference between essential amounts and toxic concentrations of these elements is very small. For example, the trace element selenium is required at a level of no less than 0.4 ppm in the diet of cattle but can be toxic at levels greater than approximately 4ppm.
Elements that are required for survival by animals and plants are termed essential,
Essential to all
Essential to several Essential to a wide Essential to one or Recent work indicates animals and plants:
classes of animals and variety of species in two species only: essentiality, but of plants:
one class: unknown function:
Hydrogen (H) Silicon (Si) Boron (B) Lithium (Li) Rubidium ( Chemical elements move through the environment in biogeochemical cycles. There are three major components to this process: (1) an element source (where did the element come from?-for example, rocks, soils, waste sites, contaminant spills, to name a few), (2) a transport mechanism (how does it move through the environment?), and (3) a place of deposition (where, how, and why does it stop moving?).
We call this cycle biogeochemical because, in addition to the role of chemical and physical processes, the cycling of elements strongly depends on its interaction wĩth living organismsfrom bacteria to humans.
while those not required are nonessential. Trace essential elements such as fluorine, copper, selenium, molybdenum, and others listed in the table on page 1 can be hazardous to life forms if present at high levels. Nonessential heavy metals such as arsenic, lead, mercury, cadmium, and chromium are usually toxic to organisms at much lower levels than trace essential elements. Depending on the association that these nonessential elements may form with natural geologic materials such as organic matter, other elements or minerals, and adsorbers (such as clays), these elements can range from being safe to being extremely toxic.
The elemental composition of plants, animals, and humans correlates with the geologic makeup of the Earth, and life has evolved reflecting these natural occurrences. The science of environmental geochemistry examines the interrelationship of life with the physical and chemical Earth.
Sources of hazardous element contamination
Because of growing public concern about environmental contamination, it is becoming increasingly important to better understand both the natural and human processes that control the movement of elements at the Earth's surface. Elements can be quite mobile in water, and the majority of our environmental problems are ultimately associated with the contamination of surface and ground water. The natural processes that control the behavior of elements in water are fundamental to the understanding, prevention, and correction of many environmental problems. Scientists strive to comprehend these natural and human processes and are improving models that predict with more accuracy the impact of both natural and human-related environmental changes.
When water comes into contact with rocks and soils, some of the minerals and organic substances dissolve and enter the natural waters. Forests and grasslands generally contribute only small amounts of these dissolved substances. However, it is possible for an area to contain unusually high concentrations of minerals, thereby depositing them to the waterways. is exposed to oxygen and water, the water becomes acidic and often contains large concentrations of metals such as zinc, cadmium, and arsenic.
Inorganic substances are cycled naturally through our environment at concentrations that usually do not adversely affect plants and animals. However, the combination of some natural processes with human activities can increase these substances to harmful or toxic levels. Therefore, toxic substances may have both natural and human sources. These sources can range from a mineral deposit (natural point source) or industrial processing facility (human point source) to entire cities or several counties (nonpoint source).
Natural sources of toxic substances include rocks, volcanoes, sediments, and soils. For example, sedimentary rock in central Oklahoma contaminates ground water with arsenic, chromium, selenium, and uranium. In Africa, cooling magma beneath Lake Nyos in Cameroon produced carbon dioxide that bubbled up and suffocated 2,000 people in 1986. In the West Central United States, certain sedimentary rocks contain toxic amounts of selenium. Some plants can concentrate selenium in their tissue, which can result in livestock disease and death.
Human activities that add toxic substances to the environment include smelting, manufacturing, refining, chemical processing, fertilizer application, irrigation, and waste disposal. For example, prior to the passage of laws designed to protect the environment, the processing of metal ores created areas that were highly contaminated with heavy metals. These areas have subsequently been designated by the U.S. Environmental Protection Agency as hazardous waste (Superfund) sites. Areas affected by oil spills from tankers or wells are also classified in this group.
A large concentration of a substance commonly identifies a source of pollution but may not necessarily indicate a problem. In addition to the concentration, other characteristics of the substance must be considered. These characteristics include the amount of the substance released, the rate of release, its availability to organisms, and its residence time in a particular ecosystem. This information is essential to understand and to predict the activity of a substance under differing geologic and geochemical conditions. With this knowledge, the relation between the concentration of a substance and the magnitude of its environmental impact can be determined. Like all elements, the form of selenium in rocks and soils governs its bioavailability (its uptake and incorporation into plant or animal tissue) .
Although common in rocks and soils of the U.S., the form of selenium in Western U.S. geologic materials makes it far more bioavailable in arid and semiarid places like California and Nevada than in New York or Virginia. Therefore, environmental selenium as a human or animal health problem is only a concern in arid regions.
The future-Possible problems and solutions
When it hurts All too often a problem isn't recognized until something begins to hurt. That pebble in your shoe isn't a problem until it gets under your foot, but because of past experience, when you first notice the pebble, you can immediately anticipate future pain. For the solution to any problem we must first identify the problem, either from past experience or by new inquiry, and understand the process by which it came to be. Knowing the process suggests why the problem exists, and this understanding can possibly lead to a solution.
Geochemistry is for the birds
An irrigation project in the San Joaquin Valley, California, was created in the 1970's on a broad slope that extends from the foothills of the Coast Range to the San Joaquin River in the center of the Valley. Early in the project no one knew that toxic amounts of selenium had been transported for a very long time from rock sources in the Coast Range and concentrated in shallow ground water near the lower part of the slope. To control irrigation runoff and salt accumulation in the soils, this shallow ground water was drained away into evaporation ponds. During this draining process, the selenium was further concentrated by evaporation and accumulation into aquatic plants. A problem with the selenium was noticed when birds feeding on the plants began to die. Subsequent research showed that rainwater that had percolated through the selenium-enriched sedimentary rocks in the mountains had gradually dissolved the selenium. The element was then transported by the surface streams and through the ground water to the evaporation ponds.
A possible solution to this problem would be to speed up nature's own methods by either transforming the selenium to an insoluble form that is no longer reactive or by flushing it to the ocean, where it would be effectively diluted. As a result of the research in the San Joaquin Valley, developers of new irrigation projects are aware of the potential environmental consequences of toxic amounts of selenium.
Geochemistry is for plants, too
Geochemistry touches both largescale agriculture activities and home gardening either through natural environmental conditions or by the addition of fertilizers. Fertilizers are widely regarded as essential for favorable plant yield, but there is a negative side. Super-phosphate and limestone fertilizers are typically derived from natural rock deposits that may also contain significant amounts of metals. In Missouri, where fertilizer was heavily contaminated with lead, it was discovered that mine waste derived from the mining of lead hosted in limestone had been used as an inexpensive source of agricultural lime. In another example, natural forests in Missouri were cleared and planted with grass for cattle pasture. The soils were covered with lime to improve the grass yield, but the resulting increase in soil pH subsequently increased the uptake of certain metals by plants, which in turn adversely affected the health of grazing cattle.
Sewage sludge and agriculture
Municipal sewage sludge can be an inexpensive source of agricultural fertilizer. Sewage, properly processed, is free of harmful bacteria. The resulting sludge contains plant nutrients, which crops respond to favorably, and organic matter, which improves the texture and waterholding ability of the soil. However, scientists know that heavy metals originating in industrial drainage concentrate in the sludge and can be toxic to either plants or animals. Studies near Denver, Colorado, in the early 1970's showed that 
Geochemistry and responsible land use
Modern land-use managers are challenged to accommodate the increasing and often conflicting demands of potential users, while at the same time they must strive to preserve the integrity of natural resources. Accurate site-specific geochemical data are critical for responsible land-use decisions. The data must define the physical and chemical characteristics of the near-surface environment (the area from the Earth's surface down to the bedrock) and must describe the natural processes that form and modify these characteristics. Land-use decisions should be compatible with these natural processes or should include strategies to reduce any negative impact on the land.
Geochemical processes
Geochemical studies by USGS scientists have defined the causes and extent of the selenium problem in California. However, the initial gathering of geochemical data could have helped managers lessen this environmental problem. Additional irrigationrelated problems include the leaching of pesticides, herbicides and other potentially toxic trace elements, and loss of soil fertility through salt buildup (salinization). Land managers who consider geochemical and other earth-science data in their decisions can better anticipate or remediate these potential problems. Such data include the local topography, climate, and hydrology, as well as the distribution and characteristics of the region's soils and bedrock.
Many biogeochemi-
• Biological transforbacteria decompose the present and in a distion of elements in an cal processes influence mations-Sunlight and plant, and the elements solved form in water environment. the quantity and distrinutrients such as carbon, are released back into when oxygen is absent.
• Scavenging or sorpbution of elements in nitrogen, and phosphothe atmosphere, soil, • Radioactive decaytion-These processes our environment. Newspaper headlines such as those above describe a few of the pollution problems occurring throughout the world. Human activities can have an environmentally destructive effect on the world as a whole. For instance, the Chernobyl nuclear reactor disaster of 1986 demonstrated that there are no political or geographical boundaries to the distribution of harmful elements and compounds. During the 20th century, the dispersion of numerous elements, largely due to human activity, has been "recorded" in layers of polar ice and snow. Specifically, these recordings have shown the rise of the Industrial Revolution and the global circulation of metal contaminants such as lead and mercury. Synthetic compounds have also been widely dispersed. Some Arctic natives have been exposed to unusually high levels of polychlorinated biphenyls (PCB's) by consuming fish and aquatic mammals that seem to have the material concentrated in their tissues. PCB's are very toxic byproducts of the modern plastics and coolant industries that remain in the environment for a very long time. This is one example of atmospheric and hydrologic processes that distribute elements and compounds around the planet. As a result, a pristine environment is now only a relative term.
Aspects of the major biogeochemical cycles of elements such as carbon, nitrogen, phosphorus, and sulfur vary from location to location but still must be viewed in a global perspective. An example of the importance of viewing these processes as a whole is the current global warming problem. Both human activities and natural processes have contributed to global warming. Human influences include power plants, factories, waste disposal, and the processing of raw materials. The natural biogeochemical cycling of elements has also played a role in global warming. Scientists must understand the complex linkages among biogeochemical cycles, and, in so doing, their studies must encompass four dimensions: the two dimensions of the Earth's surface, plus depth and time. 
Heavy-metal mobilization, transport, and deposition
Many elements that are a natural part of mineral deposits, rock formations, or soils are easily mobilized into water as a result of specific chemical conditions. The degree that an element is dissolved and its ultimate fate are dependent on the geochemistry of the specific element and the geology of the material from which it came. Iron, manganese, copper, lead, arsenic, and cadmium are quite often part of mineral deposits and are mobilized naturally or as a result of mining and the chemical reactions that cause acidic minedrainage waters. These elements and many others can also be found in ground water, surface water, and soils as a result of industrial uses. For example, arsenic, which is often a byproduct of gold-ore refining, has been used extensively in insecticides and herbicides.
The distribution and effect of arsenic in the environment from mining and industrial waste continue to be an important focus of research. As a result of mining, large amounts of arsenic-bearing wastes are found on the Clark Fork River in Montana and the Cheyenne River system in South Dakota. Following mining activities, the arsenic was mobilized by weathering processes and found its way into surface and ground water and aquatic life forms.
What is a baseline?
A baseline is computed as two deviations about the mean. Two deviations include about 9.5 percent of the area of the I distribution under a normal frequency curve.
Backgrounds and I baselines are generally developed by: (1) defining the population (sample) to be described; (2) collecting samples that represent the population; (3) analyzing the samples for the constituents of interest; and (4) computing the range that represents the baseline.
How can this range be used to determine whether a single sample is unusual in composition? For example, if several samples of soil are collected and analyzed, and most of them have concentrations of elements outside of the expected 95-percent range for soils that are representative of the general area, then there is a good chance that these are unusual samples, perhaps representing some type of environmental contamination.
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Baselines and backgroundsWhat's natural and what isn't
Regulatory limits for safe levels of elements in water and foodstuffs are established by the U.S. Environmental Protection Agency and the U.S. Food and Drug Administration. However, there are generally no regulatory limits that scientists can refer to when dealing with plants, soils, rocks, and sediments. Therefore, to determine whether a plant, soil, rock, or sediment contains a "high or unusual" quantity of a specific element, it is necessary to determine what quantity is "normal or usual." These levels are referred to as background or baseline measurements, but they may be somewhat different.
A background measurement represents natural concentrations of an element in natural materials that exclude human influence. This measurement represents an idealized situation and is typically more difficult to measure than a baseline. True backgrounds may be obtained by sampling and analyzing items that have a minimum of human influence such as tree rings, deep glacial ice cores, or layers of sediments from lake or ocean floors.
A baseline measurement represents concentrations measured at some point in time and is not generally a true background. Baseline concentrations are typically expressed as a range, not a single value.
The three objectives that are generally common to all background and baseline studies are:
• To describe the chemical characteristics and variation of an environment-The study should tell something about the composition of the materials sampled as well as their distribution or pattern across the landscape.
• To assess the extent or intensity of environmental alteration-Baseline studies should also evaluate the changes in the environment due to human activities.
• To provide basic information necessary to study environmental processes-The background information generated from environmental studies may show patterns for a certain group of elements. The element distribution or pattern across the landscape, together with information regarding the area's geology, soils, and plant communities, provide useful data that help explain processes such as element mobilization, transport, and deposition. 
New technology provides tools for the geochemist
The defining and understanding of problems in environmental geochemistry often require accurate measurement of both organic and inorganic substances. Questions such as "What substances are in this sample?" and "How much of it is there?" are answered by using modern analytical techniques. Two of the most important techniques are gas chromatography-mass spectrometry (GC-MS) and inductively coupled plasma mass spectrometry (ICP-MS). GC-MS is used to identify and quantify organic compounds, where- -+-+-+-+-+-+~-+ ")) \1 ")) ~ ")) injected into the GC-MS instrument. This sample is vaporized in an instant and each individual molecule type travels through a narrow column at a different speed. Each molecule comes out of the tube and goes into the mass spectrometer, an instrument that determines molecular weights, where an electron beam breaks the molecule into several pieces. By studying the pattern of the pieces and their abundance, the scientist can tell what the molecule was and how much of it there was in the sample. This, in turn, helps assess the concentration of the molecule in the mixture. When an environmental study is concerned with inorganic substances, ICP-AES or ICP-MS is the analytical technique of choice. Most elements in the periodic table can be ionized at high temperature in a "plasma" (high-temperature ionized gas), which subsequently is sent into the mass spectrometer where signals for individual atoms are detected.
Mass Filter
.. ··
Examples and Case Studies Plant and animal health Molybdenum can be too much of a good thing
Molybdenum is a metallic element probably best known as a substance that hardens and strengthens steel. It is also used in a dry lubricant that is resistant to high tempera- tures. However, it is an essential element to plant and possibly even animal health.
At least five distinct enzymes (essential proteins) in plants contain molybdenum. Two of these enzymes serve to metabolize nitrogen, a major plant nutrient. Members of the legume family-for example, clover and alfalfa-are particularly rich in molybdenum because their roots harbor nodules of the bacterium Rhizobium, which biologically transforms nitrogen.
One negative aspect of molybdenum is that in large concentrations it interferes with the absorption of copper, an essential element; therefore it may have toxic effects on certain livestock when ingested in large amounts. The resultant effect, or illness, is molybdenosis. The symptoms of the illness include: anemia, depressed growth, diarrhea, poor reproduction, bone malformation, nervous disorders, and loss of normal hair color. For example, the hide of Black Angus cattle turns a mouse-gray as a result of molybdenosis. Similarly, high levels of molybdenum in the diet of sheep may lead to defective nervous systems in lambs. However, if treated early enough, molybdenosis is reversible through corrective nutrition.
Molybdenosis, cattle; and lignite
A low-grade coal called lignite has been strip-mined for decades in the northern Great Plains. Lignite contains appreciable levels of molybdenum and uranium derived from volcanic rock deposits. Ranchers in northwestern South Dakota reported problems that resembled molybdenosis in cattle pastured around an abandoned lignite strip mine. Results in the area of Flint Butte showed that the range grasses contained very high levels of molybdenum, but only in areas near exposed lignite. The high levels of molybdenum resulted from lignite that was naturally exposed in the environment as well as from lignites exposed during surface mining. The molybdenum was removed from the lignite through weathering processes, transported by surface-water runoff to the nearby pastures, and taken up by the range grasses.
Molybdenosis and humans
In developed countries such as the United States, where food production and distribution are widespread, and produce grown in one region is often shipped to another, molybdenum-related nutritional problems in humans probably do not exist. However, occurrences of molybdenosis have been reported in some developing countries.
One such incidence occurred in southern India where construction of a large dam and the resultant reservoir raised the water table in the surrounding farming district.
The pattern of molybdenum concentration in western wheat grass collected in the Flint Butte area of South Dakota. Highest concentrations were found to correlate with outcrop of uranium-bearing lignite (a soft coal).
Subsequently, molybdenum levels increased in the major crop, sorghum. The local inhabitants rely on sorghum as their dietary staple, and following consumption of the food, some individuals developed genu valgum (knock-knee), a crippling bone deformity affecting young people. Although this problem occurred in a relatively small region, the impact of the disease on the local population was serious. Radon is a radioactive, gaseous element that is naturally occurring and results from the radioactive decay of uranium and thorium. Uranium and thorium are contained in natural geologic materials and are often concentrated, over geologic time, under certain environmental conditions (for example, in geologic formations high in organic matter such as coal and peat and sediments high in clay). Public health concerns have focused recently on radon in homes constructed over so-called "high-risk" geologic regions. The USGS has produced radioactivity maps that materials. The most altitude with instrucommon type of ments that measure the radioactivity map is an radioactive energy radiaero-radioactivity map, ating from the ground. which is based on Regions of the counmaps give an indicaradioactivity measuretry that are both high tion of the uranium ments made from an and low in radioactivity levels of surface aircraft flying at low can be identified in this can help identify geographical regions that have the potential for high radon in the environment (see map below). In addition to being a public health concern, radon has been used in various scientific disciplines. It has been used to explore for uranium, monitor the movement of atmospheric air masses, trace the mixing of streams and oceans, map geologic faults, predict earthquakes and volcanic eruptions, and evaluate air movement in caves. This latter use helps scientists determine how caves are formed. 
Mine drainage What is it?
Mine drainage is metal-rich water formed from reactions between water and rocks containing sulfide minerals (types of metal-sulfur compounds). This runoff is often acidic (has a low pH) and frequently flows from areas where ore-or coal-mining activities have exposed rocks rich in the sulfur-containing mineral, pyrite. Metal-rich drainage can also occur naturally in mineralized areas. Potential problems associated with mine drainage include contaminated drinking water and disrupted growth and reproduction of aquatic organisms. The bottom of streams contaminated by mine drainage is commonly coated with red, orange, or yellow sediment, as seen in the photographs on page 19. 
The USGS is currently studying a number of watersheds in
How does mine drainage occur?
Mine drainage is formed when pyrite, an iron-sulfide mineral (FeS 2 ), is exposed and reacts with air and water to generate sulfuric acid (H 2 S0 4 ) and dissolved iron. Some or all of this iron can precipitate to form the red, orange, or yellow sediment in the bottom of streams containing mine drainage.
The rate and degree by which acid-mine drainage proceeds can be greatly increased by the actions of certain bacteria. As a result, some mine drainage can be more acidic than vinegar. During acid-mine drainage, the generated acid and iron can cause oxidation and dissolution of additional pyrite and other sulfide minerals containing metals such as lead and copper. These metals are <111111 Iron-, zinc-, and copper-rich Geochemists, chemists, and geologists are trying to understand factors that control the composition of mine drainage. They have found that some mine drainages are acidic and some are not; some contain a larger quantity of metals than others. Differences in the chemical composition of mine drainages are a result of several geochemical, chemical, and geological factors such as the types and amounts of minerals (particularly pyrite) in the rock and the amount of oxygen in the water. Once the factors that control mine-drainage composition are understood, this information can be used to predict the composition of future drainage and as an evaluation tool for possible remediation techniques.
What can be done to clean up mine drainage?
It is difficult to stop the formation of mine drainage because it requires keeping air and (or) water away from the exposed rocks. Scientists are testing prevention techniques such as: (1) trying to find ways to hinder the bacteria that speed up the chemical reactions that generate mine drainage, and (2) grouting fractures in abandoned mines to prevent the inflow of oxygenated ground waters. They are also working to understand how wetlands can be used to scavenge metals and neutralize acid in mine drainage.
Air pollution and biogeochemistry
The temperate forest, one of the most productive ecosystems in North America, is particularly sensitive to several types of air pollution. The ability of this ecosystem to efficiently cycle nutrients results in high forest productivity. Anything that causes a disturbance (stress) in a particular biogeochemical cycle (for example, the cycling of sulfur or nitrogen from atmosphere to soil to plant and back to the atmosphere) will affect the whole system.
Many areas of North America and Europe are experiencing widespread forest decline-but is this caused by air pollution? Shifts in forest ecosystem productivity are natural phenomena and can be accelerated or accentuated by the introduction of stresses in the system. These stresses can be natural, such as precipitation changes, insect infestations, and fires, or can be influenced by manmade disturbances, such as forest clearing, soil erosion, and air pollution.
Three basic types of air pollution can cause ecosystem stress:
• Acid precipitation-caused by sulfur dioxide and other acid-forming substances from fossil-fuel-burning sources (coal-fired power plants) being released into the atmosphere.
• Oxidizing and chemically reactive substances-for example, ozone, carbon monoxide and dioxide, and complex organic compounds (collectively known as "photochemical" compounds) also originate from the combustion of fossil fuels.
• Heavy metals-such as lead, copper, zinc, nickel, cadmium, cobalt, and chromium that are released by many industrial activities.
These three types of air pollutants produce different levels of stress for both individual organisms and for the ecosystem as a whole. At low levels, forests act as receptors or filters for pollutants. For example, it may not be possible to measure the damage caused by a toxic metal, such as copper or mercury, but the accumulation of the metal or its movement through the system may be easily measured. At intermediate levels the stress that pollutants bring to the system can be observed in particularly sensitive species and may be manifested as metabolic changes, predisposition to disease, or nutrient overload (for example, ammonium deposition, which acts as a growth stimulant or fertilizer). At high levels, pollutants can cause observable symptoms and plant death. The introduction of heavy metals into an ecosystem can be easily measured, and because some plant species like mosses and lichens will actually accumulate these metals, plants can serve as "biomonitors" that reflect air-quality changes.
The cause of forest decline and the role of air pollution have been compared to cancer-the result of multiple stresses that wear down components of an ecosystem until observable changes occur. The three types of air pollution mentioned on page 21 work in conjunction with natural stresses to accelerate forest decline. 
Volcanogenic and greenhouse gases
The atmosphere is a global reservoir that mixes across state and national boundaries, across oceans, and between hemispheres. Natural environmental processes (geologicat biologicat and geochemical) produce the greenhouse gases carbon dioxide (C0 2 ) and methane (CH 4 ). These gases, along with water vapor, are primarily responsible for atmospheric warming, which is the "greenhouse" effect. We know there is a greenhouse effect based on at least three types of findings:
• The Earth would be approximately 30 degrees Celsius cooler if it did not have its present atmosphere; as a result, all the water on the surface of the Earth would be frozen.
• Using the known atmospheres of the other planets (Venus and Mars in particular), we can predict their surface temperatures based on their amounts of greenhouse gases, gases which are the same as those found on Earth.
• The record of past atmospheric gases (C0 2 and CH 4 ) trapped in ancient ice core samples from glaciers shows correlations with past climates (historic records). Periodic geological events, such as volcanic eruptions, add large amounts of carbon dioxide and other gases to the atmosphere. These gases tend to enhance the greenhouse effect. Volcanoes also add large amounts of aerosol particulates (sulfates and ash) that seem to cool the atmosphere. These events can be monitored but cannot be accurately controlled or predicted. USGS scientists at various observatories are monitoring these volcanic emissions in an attempt to better understand the processes.
Biological processes produce methane in certain geochemical environments, such as wetlands and freshwater marshes, where there is an absence of oxygen (anoxic). These methane emissions are a result of bacterial metabolism (decay) of organic matter. Warming of the atmosphere, land, and oceans by carbon dioxide and methane would result in sea-level rise due to thermal expansion and glacial melting, and coastal regions, including marshes, would be flooded.
Salt marshes also produce methane, but not as much as freshwater marshes. This is because microorganisms known as "sulfate reducers" are abundant in salt marshes and inhibit the methane-producing microorganisms. Brackish marshes (water with a salinity between that of sea water and fresh water) emit 25 to 50 percent less methane than the freshwater marshes they succeed. Thus, as salt waters flood and destroy freshwater marshes, less methane is produced.
The Gulf Coast of Louisiana has been experiencing coastal-wetland loss for 100 years due to subsidence, oil and gas withdrawat sediment starvation due to river diversion, and sea-level rise. The USGS is studying methane production in marshes with varying salinities to quantify the methane emissions as a function of marsh type. The results of these measurements will be used to project the local and world-wide effects of sea-level rise and wetland salinization on methane emissions. 
Oil and petroleum spills
Maritime oil spills from freighters such as the Torrey Canyon and the Amoco Cadiz in the 1960's and 1970's focused the world's attention on petroleum pollution at sea and the devastating effects on coastal ecosystems. In March 1989, the United States was awakened to the enormity of the environmental impact and cost of such a calamity when the Exxon Valdez spewed 11 million gallons of crude oil into Prince William Sound, Alaska. Although the spill was approximately 30 times smaller than the Amoco Cadiz, it affected more than a thousand miles of coastline in a highly productive cold-water ecosystem and killed more wildlife than any previous spill. The death toll of sea birds alone has been estimated to be 100,000 to 300,000.
As the Alaskan oil spill spread, the more volatile components were lost to the atmosphere. Oil was emulsified with sea water, where it continued to degrade or weather and was deposited on shorelines and intertidal zones. In the aquatic and terrestrial environments, naturally occurring microorganisms further degraded the petroleum. Along portions of the Alaskan coastline, "bioremediation" was used to speed up the natural bacterial oil degradation by the addition of nutrients and apparently served as a safe cleanup alternative. Some of the coastal ecosystems appear to be recovering rapidly. However, the true, long-term effects will undoubtedly be studied and debated for years.
An oil spill the magnitude of the Exxon
Valdez occurs about once a year somewhere in the world, and spills of 1 million gallons occur monthly. For most Americans, however, petroleum spills are as close as their neighborhood gas station. Petroleumcontaminated soils are common throughout the United States, with spills or leaks occurring at petroleum refineries, fuel transportation or storage facilities, petrochemical plants, underground storage tanks at gas stations, and at homes with tanks of heating fuel. These spills present a human health hazard because of potential contamination of drinking water or direct exposure to toxic and carcinogenic compounds. The risks associated with petroleum-contaminated soils may be great and immediate, or they may be minimal, depending upon the nature of the contaminant and the geologic and hydrologic properties of the site. Understanding the physical, chemical, and biological processes affecting hydrocarbons in soil and ground water is the key to appropriate and costeffective remediation of petroleum contamination.
Point sources of contamination-Industrial and natural
Point-source pollution comes from a single source located in a small area such as a factory, power plant, or natural spring. There are many types of point-source pollution that degrade the quality of water, air, and soils. Examples include: (1) emissions of particulates and acidic gases into the atmosphere from active volcanoes, (2) metalliferous springs whose waters have interacted with unmined mineral deposits, (3) natural oil seeps, and (4) acid-mine drainage from mine and mill tailings. If pollutants are released underground, they can contaminate both ground water and the rock aquifers through which the ground water flows.
Air pollution can arise from activities such as power generation, mineral smelting, or industrial processing. Solid particles (particulates) generated by these sources can degrade air quality and visibility, and gases released from these sources (such as sulfur dioxide and various nitrogen gases) can react with atmospheric water to generate rain that is acidic or that has other chemically hazardous qualities.
Soil pollution can result from both airand water-based pollution. For exqmple, high concentrations of heavy metals can be found in soils near smelters and in soils through which metal-bearing surface waters or ground waters have flowed.
To effectively clean up sites that have been affected by point-source pollution, it is necessary to understand the geochemical processes that control how the pollutants interact with the environment.
The following two USGS activities involving both general research and specific site studies help address the geochemical behavior of natural and human (anthropogenic) point-source contaminants.
In Hawaii, USGS scientists are examining the origin of natural, volcano-related, acidic aerosols in the atmosphere, which can cause respiratory problems among island inhabitants. Chemical and isotopic data on the aerosols show whether they resulted from the interactions of molten lava from the Kilauea Volcano with sea water or from the reaction of sulfur dioxide of volcanic origin with moisture in the atmosphere. By understanding the origin of the aerosols, health officials can recommend measures to help humans avoid contact with the aerosols.
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What is wrong with this picture? The sun is shining, and an irrigation ditch is bringing life-giving water to crops near the Arkansas River in Colorado. However, the ditch is also receiving uranium-and salt-laden runoff and seepage from nearby irrigated fields.
Another study showed that springs in areas of uranium-rich bedrock can be localpoint sources of dissolved uranium. The uranium is dissolved during normal weathering of uranium-rich rocks and can be reconcentrated onto organic matter as the springs emerge in organic-rich soils or wetlands. The following is an example of one such uranium-bearing spring that enters a wetland in the Colorado Rocky Mountains. The natural spring waters that help sustain this wetland contain 30 to 80 ppb uranium compared to a regional background value of less than 5 ppb. uranium by peat is very efficient and produces haloes (peat regions that are high in uranium) in the immediate vicinity of the emergent source springs. Dried samples of peat collected near the spring pools contain as much as 3,000 ppm uranium, which represents up to a 100,000-fold concentration. The figure on page 29 illustrates the distribution of uranium in peat near one of the spring pools.
This direct observation of the extraction of uranium by peat provides another example of how wetlands can improve water quality through their metal-sorption capabilities.
Nonpoint sources of contamination-Agricultural and natural
Nonpoint-source contamination has no single, clearly defined source area and can result from both natural and human-induced processes. The most commonly studied are those either introduced or exacerbated by human activities. Agriculture is an important nonpoint source of contamination. This is a result of two generalized activities: (1) leaching of contaminants that man has added to the soil or the crops, such as organic herbicides or pesticides and nitrates or phosphates from fertilizers; and (2) leaching of naturally occurring pollutants in the soil, chiefly as the result of irrigation, which are then concentrated to abundances incompatible with plant or animal life.
The role of the USGS in the study of nonpoint-source pollution studies is focused on its ability to understand the chemical and physical processes controlling the pollutants in the environment. The definition of baselines in both agricultural and native soils and parent material has helped define what the pollution source is, how large the source is, the associated elements, and what the controlling processes are. With the knowledge of source and controls, remediation steps can be effectively planned and implemented with minimal impact on human health .
Uranium from marine deposits
Marine shales and sandstones underlie large parts of the Wes tern United States. Much of the uranium in these rocks is loosely bound and can weather under conditions typical of the semiarid West. Irrigation can increase the natural loss of the uranium.
Runoff from irrigation may directly reenter irrigation ditches for reuse. Local ponding of runoff waters or creation of waterlogged soils can also bring uranium and other elements to the surface, where they are concentrated by evaporation. Soils thus contaminated may be rendered unfit for cultivation. Additionally, uranium and other elements concentrated at the surface may be removed by rainfall runoff and carried downstream, thus contaminating waters far beyond the irrigated fields.
Irrigation-return waters, regardless of the paths they have followed, may drain into their originating rivers via natural or artificial flow paths. Further downstream they may be taken out again and again for irrigation. When these waters become unfit for use on fields, they may be stored in permanent reservoirs and become more saline through further evaporation. These reservoirs may reach high levels of toxicity for animal or plant life. Towns and individuals may get their drinking water from aquifers that have been recharged, in part, by irrigation-return waters . 
New areas of concern-A look to the future
The first Earth Summit in Rio de Janeiro, Brazil, in 1992 identified global climate change, the sustainable management of land and resources, and biodiversity as the major international environmental issues of this decade. Both developed and developing countries perceived these issues to be important to the long-term environmental health of the planet.
We have seen through the principles and examples described in this publication that geochemistry has become an important tool in environmental studies and in understanding the processes that affect our chemical environment. Geochemical processes are involved in climate-change concerns, landuse practices, and the health of organisms, ecosystems, and the entire biosphere.
As the figure shows, the work of the USGS, whether it be geologic studies, waterresources investigations, or national-mapping activities, helps create a body of expertise and earth-science information that is used by the public and Government agencies. 
